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@ Silicone rubber particles coated with silicone resin. 

(57) A powder of silicone rubber having improved flowabillty and dispersibility consists of particles of a 
cured silicone rubber of which each particle has a coating layer of a polyorganosilsesquioxane resin in 
a specified coating amount. The powder is prepared by the admixture of an aqueous dispersion of a 
cured silicone nibber particles, which is preferably prepared by the hydrosilation reaction between a 
vinyl group-containing organopolysiloxane and an organohydrogen polysiloxane emulsified m an 
aqueous medium, with a trialkoxy sflane compound such as mettiyl trimethoxy silane together with an 
alkaline compound, e.g., ammonia water, under agitation so that the hydrolysis-condensation reartton 
of ttie trialkoxy silane compound proceeds to form a coating layer on the surface of the silicone rubber 
particles. 
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The present Invention relators to silicone rubber particles coated with a silicone resin and a method for 
the preparation thereof. More particularly, the invention relates to silicone resin-coated fine silicone rubber 
particles exhrbiting excellent f lowability and dispersibility in and compatibility with various kinds of matrix ma- 
terials to give a composite material imparted with markedly decreased internal stress and greatly improved 
surface lubricity as well as to a method for the preparation of such silicone rubber particles. 

It is known in the prior art that fine particles can be prepared from several silicone materials, i.e. organo- 
polysiloxanes. Including cured silicone rubbers and poly(organosilsesquioxane) resins. These silicone partic- 
les are useful as an additive ingredient In various kinds of matrix materials such as rubbers, plastics, coating 
compositions or paints, printing inks, waxes, cosmetic compositions and the like with an object to Impart the 
matrix material with improved heat and cold resistance, weatherability. water-repel lency. surface lubricity and 
mold releasability as well as to decrease the internal stress of shaped articles. Fine particles of a silicone rub- 
ber are particularly preferred when decrease in the internal stress of shaped articles is desired. 

Various methods have been proposed for the preparation of fine particles of a silicone rubber, for example 
In United States Patent 3,843,601, Japanese Patent Kokai No. 59-96122. No. 62-243621 No 62-257939 No' 
62-270660. No. 63-77942, No. 63-312324 and elsewhere. One of the problems in the silicone rubber fine par- 
ticles prepared by these prior art methods is that the particles are poorly f lowable to cause inconveniences In 
handling and they can hardly be dispersed In various matrix materials with full uniformity because the particles 
strongly agglomerate in addition to the relatively low effect of internal stress relaxation of shaped artrcles due 
to their poor compatibility with the matrix material. 

Amethod is proposed in Japanese Patent Kokai No. 4-348143 and No. 5-179144. according to which fine 
particles of a silicone rubber are compounded with fine inorganic particles to improve the flowability of the 
particles with decreased agglomeration but no solution is obtained thereby for the problem of poor compatibility 
of silicone rubber particles with matrix materials. 

Further, several proposals and attempts have been made with an object to improve the compatibility of 
silicone rubber particles with various matrix materials including admbcture of the silicone rubber with an epoxy 
compound disclosed in Japanese Patent Kokai No. 64-56735 and admbcture of the silicone rubber with an al- 
koxy silane compound disclosed In Japanese Patent Kokai No. 64-700558. The Improvement in the compati- 
bility of silicone rubber particles obtained by these methods, however, is still not high enough rather with some 
adveree influences on the flowability and agglomeration of the silicone rubber particles. 

Apartf rom silicone rubber particles. Japanese Patent Kokai No. 5-1 70909 discloses a method for the prep- 
aration of an aqueous dispersion of which the dispersed phase consists of fine particles of a f luorocart)on resin 
coated with a hydrolysis product of a hydrolyzable organosilane compound. This method, however, is not sug- 
gestive for the improvement of silicone rubber particles relative to the flowability and agglomeration. 

The present invention accordingly has an object to provide fine particles of a silicone rubber freed from 
the above described problems and disadvantages in the prior art as well as a method for the preparation thereof 
so as to Impart the silicone rubber particles with Increased flowability as a powder and decreased agglomer- 
ation as well as improved compatibility with various kinds of matrix materials. 

Thus, the invention provides fine particles of a silicone rubber of which the particles have a composite 
structure consisting of a spherical or globular particle of a cured silicone rubber having an average particle 
diameter in the range from 0.1 to 100 nm and a coating layer of a polyorganosilsesquioxane resin, the coating 
amount of the polyorganosilsesquioxane resin being in the range from 1 to 500 parts by weight per 100 parts 
by weight of the silicone rubber particles before coating. 

The above defined silicone resin-coated silicone rubber particles can be prepared according to the inven- 
tion by a nrtethod which comprises the step of: admixing an aqueous dispersion of particles of a cured silicone 
rubber having an average particle diameter in the range from 0.1 to 100 ^im with an alkaline compound and a 
trialkoxy silane compound represented by the general formula 

R2Si(ORi)3. 

in which R2 is an unsubstituted or substituted monovalent hydrocarbon group and Ri is an alkyi group having 
1 to 6 cart)on atoms, in combination at a temperature not exceeding 60 ''C under agitation. 

As is described above, the fine particles of the invention are characterized by the composite structure of 
the particles consisting of a cured silicone rubber particle having a specified average particle diameter and a 
coating layer thereon formed from a polyorganosilsesquioxane resin in a specified coating amount and the 
coated silicone rubber particles can be prepared by the in situ hydrolysis and condensation reaction of a tri- 
alkoxy silane compound In the presence of cured silicone rubber particles in an aqueous dispersion so as to 
form the coating layer of a polyorganosilsesquioxane resin on the surface of the silicone rubber particles. 

The silicone rubber forming the fine core particles, on which the coating layer of the polyorganosilsesquiox- 
ane resin is formed, is a cured diorganopolysiloxane having linear diorganopolysiloxane segments represented 
by the general formula 
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^RzSi-O-^a-. (I) 

in which each R is, independently fronr> the others, an unsubstituted or sut>stituted monovalent hydrocart>on 
group having 1 to 20 carbon atoms exemplified by alkyi groups such as methyl, ethyl, propyl and butyl groups, 
aryl groups such as phenyl and tolyl groups, alkenyl groups such as vinyl and allyl groups and aralkyl groups 
^ such as 2-phenylethyl and 2-phenylpropyl groups as well as those substituted hydrocart)on groups obtained 
by replacing a part or all of the hydrogen atoms In the above named hydrocarbon groups with substituents 
including halogen atoms, epoxy group, amino group, mercapto group, (meth)acryloxy group and the like such 
as chloromethyl and 3,3.3-trif luoropropyl groups, at least 90% by moles of the groups R being preferably methyl 
groups, and the subscript a is a positive integer in the range, though not particularly limitative, from 5 to 5000 
or. preferably, from 10 to 1000. When the value of the subscript a is too small, the silicone rubber particles 
after coating with the silicone resin cannot impart the matrix material compounded therewith with a decreased 
Internal stress and improved surface lubricity while, when the value of the subscript a is too large, difficulties 
are encountered in the preparation of silicone rubber particles. It is optional that the silteone rubber forming 
the fine particles is compounded with a silicone oil. organosilane compound, inorgante and oiganic powders 
and the like. 

It is essential that the silicone rubber particles to be coated with a coating layer of the silicone resin have 
an average particle diameter in the range from 0.1 to 1 00 ^m or, preferably, from 1 to 30 jim. When the average 
particle diameter of the silicone rubber particles is too small, the f lowability of the particles as a powder is un- 
duly decreased with increased agglomeratton while, when the average particle diameter thereof is too large, 
^ no improvement can be obtained in the surface lubricity of the shaped articles of a composition compounded 
with the silicone resin-coated silicone rubber particles along with a decrease in the physical properties of the 
shaped articles. 

The above described fine particles of a cured silicone rubber are prepared preferably, according to the 
procedure disclosed in. for example, Japanese Patent Kokai No. 62-243621 and No. 62-257939. by utilizing 
the addition reaction of so-called hydrosilation between (a) a vinyl group-containing organopolysiloxane having 
at least two silicon-bonded vinyl groups In a molecule and (b) an organohydrogenpolysiloxane as a crossllnking 
agent having at least two hydrogen atoms directly bonded to the silicon atoms in a molecule in the presence 
of (c) a catalytic amount of a platinum compound as a catalyst although other types of reactions can be used 
for the formation of crosslinks including the condensation reaction between silicon-bonded alkoxy groups and 
^ silanol groups, radical reaction between silicon-bonded mercapto groups and silicon-bonded vinyl groups and 
so on. 

In the above mentioned vinyl group-containing organopolysiloxane having at least two silicon-bonded vinyl 
groups in a molecule, the vinyl groups can be bonded to the silicon atoms at any positions in the organopoly- 
siloxane molecule but it is preferable that at least each of the silicon atoms at the molecular chain ends has a 

^ vinyl group directly bonded thereto. The silicon-bonded organic groups other than the vinyl groups can be alkyt. 
aryl and aralkyl groups belonging to the class given as the examples of the group denoted by R in the formula 
(I) but at least 90% by moles thereof are preferably methyl groups. The molecular structure of the organopo- 
lysiloxane forming the silicone rubber can be straightly linear, branched or cyclic. The molecular structure of 
the silicone rubber is not particularly limitative provided that a cured silicone rubber having rubbery elasticity 

^ can be obtained therefrom but the organopolysiloxane before curing should have a viscosity not exceeding 
100,000 centistokes at 25 X because the reactivity with the organohydrogenpolysiloxane is decreased when 
the average molecular weight of the vinyl-containing organopolysiloxane is too high. 

The vinyl group-containing organopolysiloxane mentioned above is represented, when it has a straightly 
linear molecular structure, for example, by the general formula 

^ VibR\SI-04SIRVO"*-a^SIViR3-0 SIR^cVib. 

in which R^ is a monovalent hydrocarbon group other than alkenyl. Vi is a vinyl group, the subscripts b and c 
are each 0. 1 . 2 or 3 with the proviso that b-i-c is 3. the subscript d is a positive integer and the subscript e is 
0 or a positive integer with the proviso that 2b+e is at least 2. When the vinyl group-containing organopolysi- 

5Q loxane has a cyclic molecular structure, it is typically represented by the formula 
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in which R^ and Vi each have the same meaning as defined above, the subscript f is a posith^e integer of 2 or 

3 
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larger and the subscript g Is 0 or a positive integer with the proviso that f+g Is in the range from 4 to 8. When 
the vinyl group-containing organopolysiloxane has a branched nnolecular structure, It is preferable that the or- 
ganopolysiloxane consists of monofunctional siloxane units and tetrafunctionai siloxane units as represented 
by the unit formula 

(VlhR3,SiOo.5)j(R33SiOo.5)k(SI02)„ 
In which R3 and VI each have the same meaning as defined above, the subscript h is 1, 2 or 3. the subscript 
I Is 0. 1 or 2 with the provide that h+l is 3 and the subscripts], k and I are each a positive number. 

The organohydrogenpolysiioxane serves as a crosslinking agent for the above described vinyl group- 
containing organopolysiloxane by the addition reaction between the silicon-bonded hydrogen atoms and the 
silteon-bonded vinyl groups in the presence of a platinum catalyst to form crosslinks. It Is essential therefore 
that the organohydrogenpolysiioxane has at least two or, preferably, at least three silicon-bonded hydrogen 
atoms in a molecule. The organic groups bonded to the silicon atoms in the organohydrogenpolysiioxane can 
be the same as R In the vinyl group-containing organopolysiloxane excepting alkenyl groups, of which at least 
90% by moles are preferably methyl groups. 

The molecular structure of the organohydrogenpolysiioxane can be stralghtly linear, branched or cyclic 
without particular limitations. The average molecular weight thereof is also not particularly limitative but it is 
preferable that the viscosity thereof does not exceed 1 0.000 centlstokes at 25 ^'C because, when the molecular 
weight thereof Is too large, a decrease Is caused In the reactivity with the vinyl group-containing organopoly- 
siloxane. 

The organohydrogenpolysiioxane mentioned above is represented, when it has a straightly linear molec- 
ular structure, for example, by the general formula 

H„R3„Si-04SiR32-0'+p— HsiHR3-0-fQ-SIH„R3„ , 
In which R3 has the same meaning as defined above, the subscript m Is 0 or 1. the subscript n is 2 or 3 with 
the proviso that m+n Is 3, the subscript p is 0 or a positive integer and the subscript q is 0 or a positive integer 
with the proviso that 2m+q is at least 2. When the organohydrogenpolysiioxane has a cyclic molecular struc- 
ture, it is typically represented by the fbnmula 
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in which R3 has the same meaning as defined above, the subscript r is a positive integer of 2 or larger and the 
subscript s is 0 or a positive integer with the proviso that r+s is in the range from 4 to 8. When the organohy- 
drogenpolysiioxane has a branched molecular structure, it is preferable that the organohydrogenpolysiioxane 
consists of nrwnof unctlonal siloxane units and tetrafunctionai siloxane units as represented by the unit formula 

(HtR3„SIOo^yR33SiOojsWSI02)x. 

^ In which R3 has the same meaning as defined above, the subscript t Is 1 , 2 or 3, the subscript u is 0, 1 or 2 
with the proviso that t+u is 3 and the subscripts v, w and x are each a positive number. 

Since the organohydrogenpolysiioxane serves as a crosslinking agent for the above described vinyl group- 
containing organopolysiloxane by the addition reaction between the silicon-bonded hydrogen atoms and the 
silicon-bonded vinyl groups in the presence of a platinum catalyst to fonm crosslinks, the amount thereof should 

^ be such that from 0.5 to 20 or, preferably, from 0.5 to 5 si I icon- bonded hydrogen atoms are provided thereby 
per vinyl group in the vinyl group-containing organopolysiloxane. When the amount of the organohydrogenpo- 
lysiioxane is too small relative to the silicon-bonded vinyl groups, the crosslinking density would be so low that 
no effective curing of the silicone rubber can be obtained. When the amount thereof is too large, on the other 
hand, adverse influences are caused in the properties of the silicone rubber after curing due to the presence 

^ of unreacted silicon-bonded hydrogen atoms. 

Platinum compounds are well known to have catalytic activity to promote the hydrosilation reaction be- 
tween silicon-bonded vinyl groups and silicon-bonded hydrogen atoms. Any of catalytic platinum compounds 
known and used in the prior art for the purpose can be used here forthe preparation of the cured silicone rubber 
particles including carbon- or silica- based solid catalyst supporting a platinum Ingredient, chloroplatinic acW. 

^ platinum complexes of olefins, platinum complexes of alcohols, platinum complexes of phosphorus com- 
pounds, coordinatton compounds of platinum and the like. The amount of the catalytic platinum compound used 
in the reaction Is preferably in the range from 1 to 100 ppm by weight calculated as platinum based on the 
amount of the vinyl group-containing organopolysiloxane. When the amount of the platinum catalyst Is too 
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small, the velocity of curing by the hydrosllatlon reaction is unduly low along with predominant adverse influ- 
ences caused by a catalyst poison while no particular additional advantages can be obtained by increasing 
the amount of the platinum catalyst over the above mentioned upper limit rather with an economical disadvan- 
tage due to the expensiveness of the platinum compound. 

5 Various known procedures are applicable to the preparation of fine particles of a cured silicone rubber from 

the above described reactants and catalyst. For example, a liquid mbcture of the reactants with admucture of 
the catalyst is sprayed at a high temperature into fine droplets in which the reaction proceeds to form a cross- 
linked silicone rubber or the reactant mbcture is dispersed in an organic solvent and the reaction mbcture is 
heated so as to have the reaction proceed in the dispersed phase. Most advantageously, however, the liquid 

10 reactant mbcture with admbcture of the catalyst is emulsified by using a suitable mixing machine in an aqueous 
medium containing a surface active agent and the emulsion is heated so that the hydrosilation reaction pro- 
<:ee(is in the dispersed liquid phase to convert the dispersed droplets into solid particles of a curecJ silicx}ne 
rubt)er to give an aqueous dispersk>n or suspension of fine particdes of a cured silicone rubber which can be 
used as such for the subsequent treatment for the formatton of the coating layer of the polyorganosilsesquiox- 

15 ane resin. 

Though not particularly llmitath^e. the surface active agent used here is preferably a non-ionic surface ac- 
tive agent such as potyoxyethylene alkyi ethers, polyoxyethylene alkyi phenyl ethers, polyoxyethylene sorbitan 
fatty acid esters and glycerin fatty acid esters because these surface active agents have little adverse influ- 
ences on the hydrosilation reaction. The amount of the surface active agent Is in the range, usually, from 0.01 

20 to 20 parts by weight or, preferably, from 0.05 to 1 0 parts by weight per 1 00 parts by weight of the total amount 
of the emulsion to be obtained. When the amount of the surface active agent is too small, stability cannot be 
given to the aqueous emulsion of fine droplets of the reactant mbcture while, when the amount thereof is too 
large, an adveree Influence Is caused in the subsequent step for the formatton of the coating layer of the poly- 
organosilsesquioxane resin on the cured rubber particles. 

25 The thus prepared aqueous emulsion contains the reactant mbcture consisting of the vinyf group-containing 

organopolysiloxane and the organohydrogenpolysiioxane in an amount in the range from 1 to 80% by weight 
or, preferably, from 1 0 to 60% by weight. When the content of the reactant mixture is too small in the emulsion, 
an economic^al disadvantage is claused due to the excessively large volume of the emulsion to be handled while, 
when the content of the reactant mbcture is too high, coalescence is sometimes caused between the silicone 

30 rubber particles not to give an aqueous dispersion of discrete spherical or globular silicone rubber particles 
having the specified average particle diameter. 

When it is desired to impart the silicone rubber particles with nrKXlif led properties. It is optional that the 
reactant mixture to be emulsified in the aqueous medium is admixed beforehand with various modifying agents 
such as silicone oils, organosilane cx>mpounds, inorganic and organic powders and the like according to need. 

35 The thus obtained aqueous emulsion of the reactant mixture is admixed with a platinum catalyst, optionally, 

in combination with a reaction moderator so as to promote the addition reaction between the silicon-bonded 
vinyl groups and silicon- bonded hydrogen atoms to give a cured silicone rubber in the form of fine particles 
having an average particle diameter in the range from 0.1 to 100 ^m. It is sometimes advantageous that the 
platinum catalyst and the reaction moderator, if they are hardly dispereible in water, are emulsified beforehand 

40 in an aqueous medium by using a surface active agent to form an aqueous emulsion which is introduced into 
the emulsion of the reactant mbcture. 

The silicx>ne resin-cx>ated cured sili(X)ne rubber particles of the invention c^n be prepared by coating the 
particles with a polyorganosilsesquioxane resin, which consists of the trifuncstional organosiloxane units rep- 
resented by the unit formula 

45 R2SIOi.B. 

in which is an unsubstituted or substituted monovalent hydrocarbon group having 1 to 20 carbon atoms 
exemplified by alkyi groups such as methyl, ethyl, propyl and butyl groups, aryl groups such as phenyl and 
tolyl groups, alkenyl groups such as vinyl and allyl groups and aralkyi groups such as 2-phenylethyl and 2-phe- 
nyl propyl groups as well as those substituted hydrocarbon groups obtained by replacing a part or all of the 

so hydrogen atoms in the above named hydrocarbon groups with substituents, e.g., halogen atoms, epoxy group, 
amino group, mercapto group and (meth)acryloxy group, such as chloromethyl and 3,3,3-trifluoropropyl 
groups. While It is preferable that at least 50% by nK>les of the groups denoted by R2 in the polyorganosilses- 
quioxane are methyl groups, certain favorable effects can be expected by combining the methyl groups with 
other functional groups on the compatibility of the inventive rubber partides with the matrix material or the 

55 surface lubricity of the cx)mposite material compounded therewith. It is further optional that besides the above 
mentioned trif unctionai siloxane units, the silicone resin comprises small amounts of mono-, dl- and tetrafuno 
tional siloxane units represented by the unit formulae R^aSiOcs, R22SiO and SiOj, respectively, in which R2 
has the same meaning as defined above. 
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Although it is not always necessary that the surface of each of the silicone rubber particles is coated com- 
pletely or uniformly with the silicone resin, the coating amount with the silicone resin on the cured silicone rub- 
ber particles is in the range from 1 to 500 parts by weight or. preferably, from 5 to 1 00 parts by weight per 1 00 
parts by weight of the cured silicone rubber forming the core particles. When the coating amount is too small, 
5 the silicone rubber particles cannot be imparted with improved f lowabiiity. dispersibllity and compatibility with 
the matrix materials with which the particles are compounded. When the coating amount Is too large, on the 
other hand, the physical properties inherent in silicone rubber particles can hardly be exhibited. 

In the preparation of the silicone resin-coated silicone rubber particles of the invention, the aqueous dis- 
persion or suspension of the cured silicone rubber particles prepared in the above described manner is ad- 
10 mbced, under agitation, with a triallcoxy silane compound and a water-soluble allcaline compound either as such 
or in the fotm of an aqueous solution so as to effect the hydroiysls-oondensation reaction of the triallcoxy silane 
compound to form the poiyorganosilsesquioxane resin. 

The content of the silicone rubber particles in the aqueous dispersion or suspension thereof is in the range 
from 1 to 60 parts by weight or, preferably, from 5 to 40 parts by weight per 100 parts by weight of the aqueous 
IS dispersion as a whole. When the content of the silicone rubber particles is too low, a disadvantage is caused 
because a too large volume of the aqueous dispersion must be treated to obtain an amount of the silicone resin- 
coated silicone rubber particles while, when the content thereof is too high, uniformity cannot be ensured In 
the coating process with the silicone resin with eventual agglomeration or coalescence of the silicone rubber 
particles. 

20 Admixture of the aqueous dispersion of the silicone rubber particles with a surface active agent is some- 

times advantageous in order to improve the stability of the aqueous dispersion of the rubber particles and to 
enhance the uniformity of the resin coating. Examples of surface active agents suitable for this purpose include 
cationic surface active agents such as quaternary ammonium salts and allcylamine salts, amphoteric surface 
active agents such as all<ylbetafnes, non-ionic surface active agents such as polyoxyethylene alkyi ethers, 

25 polyoxyethylene alley! phenyl ethers, sorbitan fatty acid esters and glycerin fetty acid esters and anionic surface 
active agents such as salts of organic sulfonic acids and alkyI sulfonate esters without particular limitations. 

The water-soluble alkaline compound to be added to the aqueous disperston of the silicone rubber particles 
either as such or In the form of an aqueous solution serves as a catalyst to promote the hydrolysis-condensation 
reaction of the trialkoxy silane compound. Accordingly, the amount thereof should be sufficient to bring the 

30 pH of the aqueous medium of the dispersion In the range from 10.0 to 13.0 or, preferably, from 10.5 to 12.5. 
When the pH is too low, the desired hydrolysis-condensation reaction of the trialkoxy silane compound cannot 
proceed at a sufficiently high velocity sometimes to cause agglomeration of the rubber particles while, when 
the pH is too high, the velocity of the hydrolysis-condensation reaction of the trialkoxy silane compounds is 
so high that the reaction proceeds not only on the surface of the rubber particles but also within the droplets 

35 of the silane compound per se so that a decrease Is caused in the efficiency of the coating process. 

The water-soluble alkaline compound Is not particularly limitative provided that the above mentioned cat- 
alytic effect is exhibited including alkali metal hydroxides such as lithium hydroxide, sodium hydroxide and po- 
tassium hydroxide, alkaline earth metal hydroxides such as calcium hydroxide and barium hydroxide, alkali met- 
al carbonates such as sodium carbonate and potassium carbonate, ammonia, amine compounds such as me- 

40 thylamine. dimethylamine, ethylamine, diethylamine and ethylenediamine and quaternary ammonium hydrox- 
ides such as tetramethyl ammonium hydroxide, of which ammonia is preferred in respect of the good solubility 
in water, high catalytic activity and vaporizabllity to ensure complete removal after completion of the reaction. 
Commercially available ammonia water containing about 28% by weight of ammonia can be used as such quite 
satisfactorily. 

45 The trialkoxy silane compound to be subjected to the hydrolysis-condensation reaction is represented by 

the general formula 

R2Si(ORi)3. 

in which has the same meaning as defined above and R^ is an alkyi group having 1 to 6 carbon atoms such 
as nfiethyl, ethyl, propyl and butyl groups. Examples of suitable trialkoxy silane compounds include methyl tri- 

so methoxy silane, methyl triethoxy silane, methyl tripropoxy silane. methyl tributoxy silane. ethyl trimethoxy si- 
lane. propyl trimethoxy silane, butyl trimethoxy silane, N-(2-aminoethyl)-3-amlno propyl trimethoxy silane, 3- 
glycidyloxy propyl trimethoxy silane, vinyl trimethoxy silane. phenyl trimethoxy silane, 3-methacryloxypropyl 
trimethoxy silane, 3-mercapto propyl trimethoxy silane, 3,3,3-trifluoropropyl trimethoxy silane, 2-(perfluoro- 
n-butyl)ethyl trimethoxy silane and 2-(perf luoro-n-octyl)ethyl trimethoxy silane. These trialkoxy silane com- 

S5 pounds can be used either singly or as a combination of two kinds or more according to need. Although It is 
preferable that at least 50% by moles of the trialkoxy silane compounds used in the inventive method is methyl 
trimethoxy silane, certain additional improvements can be obtained by the combined use thereof with other 
functional trialkoxy silane compounds in respect of the compatibility of the silicone resln-coated silicone rubber 
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partides with various kinds of matrix materials and the surface lubricity of the shaped articles prepared from 
a composition compounded with the particles. 

The amount of the trialkoxy silane compound introduced into the aqueous dispersion of the silicone rubber 
particles should be sufficient to provide the polyorganosilsesquioxane resin in an amount in the range from 1 
5 to 500 parts by weight or. preferably, from 5 to 100 parts by weight of the resin per 100 parts by weight of the 
silteone rubber particles but the amount should not exceed, preferably. 20 parts by weight of the aqueous me- 
dium in the aqueous dispersion of the silicone rubber partides because, when the amount of the trialkoxy silane 
compound is too large, a trouble is caused that aggregates of the resin per se are eventually formed in the 
aqueous dispersion. 

10 While it is important that the trialkoxy silane compound and the water-soluble alkaline compound are in- 

troduced into the aqueous dispersion of the silicone rubber partides under agitation, care must be taken that 
the agitation is not too vigorous, especially, when the amount of the trialkoxy silane compound is relatively 
large in order to avoid eventual agglomeration or coalescence of the partides. The type of the stirrer device 
is not particularly limitative and can be conventk>nal induding those having propeller blades or paddle blades. 

f 5 The hydrolysis-condensation reaction of the trialkoxy silane compound is performed at a temperature in 

the range from 0 to 60 ^'C or, preferably, from 5 to 20 . A temperature lower than 0 **C is of course not prac- 
ticable due to freezing of the aqueous medium while, when the temperature Is too high, aggregates of the sil- 
icone resin per se are formed along with possible agglomeration or coalescence of the partides in the aqueous 
dispersion. The trialkoxy silane compound and the water-soluble alkaline compound can be introduced into 

20 the aqueous dispersion of the siiteone rubber partides eitherconcurrently or separately one following theother. 
It is preferable when the amount of the trialkoxy silane compound is relatively large that addition of the alkaline 
compound precedes the addition of the trialkoxy silane compound. Although the trialkoxy silane compound 
can be added at one time into the aqueous dispersion of the silicone rubber partides, it is an advantageous 
way. especially when the amount of the trialkoxy silane compound is relatively large, that the silane compound 

25 is introduced gradually or portion-wise in order to avoid the riskof agglomeratton or coalescence of the partides 
sometimes encountered when a large amount of the silane compound Is added at one time. 

Agitation of the reaction mixture Is desirably continued after completion of the addition of the trialkoxy si- 
lane compound and/or the alkaline compound until completion of the hydrolysis-condensation reaction of the 
trialkoxy silane compound. If desired, the reaction mbcture is heated to accelerate the reaction and the reaction 

30 can be definitely terminated when the alkaline compound as the catalyst is neutralized by the addition of an 
addle compound. 

After completion of the hydrolysis-condensation reaction of the trialkoxy silane compound to form a coating 
layer of the silicone resin on the surface of the rubber particles, the thus resin-coated rubber partides are sepa- 
rated from the aqueous medium by a conventfonal means such as dehydration by filtration, centrifugation or 

35 decantation and evaporation of the aqueous medium by heating followed by washing with water. If necessary, 
and drying by heating under normal pressure or reduced pressure into dry partides as the desired product. 
Alternatively, the reaction mbcture after completion of the reaction can be spray-dried or subjected to f luidiza- 
tion drying so as to directly give the resin-coated rubber partides. If a small amount of agglomerates are con- 
tained in the thus dried product, the agglomerates can readily be disintegrated by using a suitable pulverizing 

40 machine such as jet mills, ball mills and hammer mills. 

In the following, the silicone resin-coated silicone rubber particles and the procedure for the preparation 
thereof are illustrated in more detail by way of examples, In which the values of viscosity ail refer to the values 
obtained by the measurement at 25 *»C . In the examples and comparative examples given below, the silicone 
resin-coated silicone rubber partides were evaluated in terms of the flowability and disperslblllty by the testing 

45 procedures described below. 
Evaluation of flowability: 

A 1 0 g portion of the sample powder to be tested was taken in a vertically held funnel having an discharge 
orifice of 4 mm diameter and the time in seconds taken for the discharge of the whole amount of the sample 
out of the funnel was recorded under vibration of the funnel in a 1 mm amplitude on a powder testing machine 
so (Powder Tester Model PT-E, manufactured by Hosokawa Micron Co.). 
Evaluatton of disperslblllty: 

A 2 g portion of the sample powder was subjected to screening through a screen of 200 mesh. 100 mesh 
or 60 mesh fineness by shaking for 90 seconds on the same powder testing machine as used above under 
vibratfon of 1 mm amplitude to record the weight % of the fractions obtained below the respective screens. 

55 

Example 1. 

Intoaglass beaker of 1 liter capacity were introduced 500gof a methyl vinyl pdysiloxane having aviscoslty 
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of 600 centistokes and expressed by the formula 

ViMezSi-O^SiMerO ) i,a SiMesVi. 
in which Vi is a vinyl group and Me is a methyl group, and 20 g of a methyl hydrogen polysiloxane having a 
viscosity of 30 centistokes and expressed by the formula 

Me3SI-04SiHMe-0 — (- SiMez-CH-s-p— SiMeg. 
to form a polysiloxane mixture which was agitated by using a homomixer working at 2000 rpm. Thereafter, 1 
g of a polyoxyethylene (9 moles addition) octylphenyl ether and 1 50 g of wafer were added to the beaker and 
the mixture was further agitated at 6000 rpm so that an increase in the viscosity of the mixture was noted due 
to a phase inversion followed by further continued agitation and addition of 329 g of water to give an O/W- 
type aqueous emulsion. 

The aqueous emulsion was transferred into a glass flask equipped with a stirrer and admixed, under con- 
tinued agitation at room temperature, with 1 g of a toluene solution of a chloroplatlnic acid-olef in complex In 
a concentration of 0.05% as platinum and 1 g of the same surface active agent as above to effect the hydro- 
silation reaction of the polysiloxanes over a period of 12 hours to give an aqueous dispersion of silicone rubber 
particles, of which the particle size distributbn was measured on a particle size testing machine (Coulter Coun- 
ter, manufactured by Coulter Electronics Co.) to find a value of 15.0 \im. A small portion of the aqueous dis- 
persk>n was taken and air-dried to give a white rubber powder consisting of rubber particles having elasticity. 

A mixture consisting of 2290 g of water, 580 g of the above prepared aqueous dispersion containing 302 
g of the rubber particles and 60 g of 28% ammonia water was agitated at 1 0 °G in a glass flask of 3 liter capacity 
with a stirrer rotating at 200 rpm. The aqueous mixture In the flask had a pH of 11 .2. Thereafter, 65 g of methyl 
trimethoxy silane were added dropwise into the flask over a period of 20 minutes while keeping the mixture 
in the flask at 5 to 1 5 ^'C . After completion of the dropwise addition of the silane compound, the reaction mixture 
was further agitated for 4 hours at the same temperature followed by further continued agltatton for 1 hour at 
an Increased temperature of 55 to 60 ""C to complete the reaction. The thus obtained aqueous dispersion was 
filtered through a pressurizable filter to obtain a cake of which the content of water was about 30% by weight. 

The wet cake obtained above was dried at 105 ^C In a hot-air circulation oven to give a dried cake in a 
yield of 97%, which was disintegrated In a jet mill into particles, of which the particle configuration was spherical 
or globular according to the examination with an optical microscope. Further, the average particle diameter of 
the particles was determined for an aqueous dispersion of the particles prepared by using a surface acth^e 
agent with a Coulter Counter to give a value of 15.4 iim. 

Table 1 below shows the results of the evaluation tests of the flowabillty and dispersibllity of the above 
prepared particles determined according to the testing procedures descrit>ed above. 



Example 2. 

The experimental procedure was substantially the same as in Example 1 except that the coating treatment 
of the rubber particles was conducted in a reaction mbcture prepared from 1450 g of the same aqueous dis- 
perston of the silicone rubber particles as prepared and used in Example 1, 1450 g of water, 50 g of 28% am- 
monia water and 50 g of methyl trimethoxy silane. The reaction mixture had a pH of 11.3. The thus prepared 
particles had a spherical or globular particle configuration and the average particle diameter thereof was 15.1 
nm. 

Table 1 also shows the results of the evaluatk>n tests for this product 



Example 3. 

Another aqueous disperelon of silicone rubber particles was prepared in substantially the same manner 
as In Example 1 except that the amount of the surface acth/e agent used in the preparation of the O/W-type 
emulsion was 5 g instead of 1 g. The average particle diameter of the silicone rubber particles contained in 
this dispersion was 3.2 ^m and a white powder consisting of rubber partteles having rubbery elasticity was 
obtained therefrom by air-drying. 

The procedure for the coating treatment of the silicone rubber particles was just the same as in Example 
1 excepting replacement of the aqueous dispersion of the silicone rubber particles with the above prepared 
second aqueous dispersion of silicone rubber particles. The thus prepared silicone resin-coated silicone rubber 
particles had a spherical or globular particle configuration and the average particle diameter thereof was 3.3 
M.m. 

Table 1 also shows the results of the evaluation tests for this product 
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Example 4. 

The experimental procedure was substantially the same as in Example 1 except that 65 g of methyl tri- 
methoxy silane were replaced with a mixture of 55 g of the same si lane compound and 1 0 g of N-(2-aminoethyl)- 
3-aminopropyl trimethoxy silane. The reaction mixture had a pH of 11.4. The thus prepared silicone resin-coat* 
ed silicone rubber particles had a spherical or globular partide configuration and the average particle diameter 
thereof was 15.4 \im. 

Table 1 also shows the results of the evaluation tests for this product 

Comparative Example 1. 

The experimental procedure was substantially the same as in Example 1 except that the amount of methyl 
trimethoxy silane used in the coating treatment of the silicone rubber particles was 5 g instead of 65 g and 
this amount was added at one time to the aqueous dispersion of the silicone rubber particles. The thus obtained 
resincoated silicone rubber particles had spherical particle configuration with an average particle diameter of 
15.0 |im. Table 1 also shows the results of the evaluation tests for this product 

Comparative Example 2. 

The aqueous dispersion of silicone rubber particles prepared in Example 1 was, without undertaking the 
resin-coating treatment by using methyl trimethoxy silane. subjected, after heating to 90 ""C . to the dehydration 
and drying treatment in the same manner as in Example 1 to give a dried powder product of uncoated silicone 
rubber particles. Table 1 also shows the results of the evaluation tests for this product before resin-coating. 



Table 1 
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Claims 

1. A powder consisting of particles of a silicone of which each of the particles has a composite structure 
consisting of a spherical or globular particle of a cured silicone rubber having an average particle diameter 
in the range from 0.1 to 100 jtm and a coating layer of a polyorganosilsesquioxane resin, the coating 
amount of the polyorganosilsesquioxane resin being in the range from 1 to 500 parts by weight per 100 
parts by weight of the silicone rubber particles without coating. 

2. The powder as daimed in daim 1 in which the polyorganosilsesquioxane resin is represented by the unit 
formula R^SiOls in which R2 is an unsubstituted or substituted monovalent hydrocarbon group having 1 
to 20 carbon atoms. 

3. The powder as daimed in claim 1 in which the amount of the polyorganosilsesquioxane is in the range 
from 5 to 100 parts by weight per 100 parts by weight of the silicone rubber partides without coating. 

4. Amethod for the preparation of a powder consisting of silicone resin-coated silicone rubber partides which 



9 



EP0 661 334 A1 

comprises the step of: admixing an aqueous dispersion of particles of a cured silicone rubber having an 
average particle diameter in the range from 0. 1 to 1 00 jim with an alkaline compound and a t rialkoxy silane 
compound represented by the general formula 

R2Si(ORi)3, 

5 in which R2 is an unsubstituted or substituted monovalent hydrocarbon group having 1 to 20 carbon atoms 

and W Is an alkyt group having 1 to 6 carbon atoms, at a temperature not exceeding 60 °C under agitation 
of the mbcture. 

5. The method for the preparation of a powder consisting of silicone resin-coated silicone rubber particles 
10 as claimed in claim 4 in which the alkaline compound is ammonia in the form of ammonia water. 

6. The method for the preparation of a powder consisting of silicone resin-coated silicone rubber particles 
as claimed in daim 4 in which the amount of the alkaline compound is such that the mixture after the ad- 
dition thereof has a pH in the range from 10.0 to 13.0. 

IS 

7. The method for the preparation of a powder consisting of silicone resin-coated silicone rubber particles 
as claimed In daim 4 in which the amount of the trialkoxy silane compound is such that the amount of 
the polyorganosilsesquloxane formed by the hydrolysis-condensation reaction thereof is in the range from 
1 to 500 parts by weight per 100 parts by weight of the silicone rubber partldes before coating. 

^ 8. The method for the preparation of a powder consisting of silicone resin-coated silicone rubber particles 
as claimed in claim 4 in which the aqueous dispersion of particles of a cured silicone rubber Is formed by 
the hydrosilatlon reaction between a vinyl group-containing organopolysiloxane and an organohydrogen- 
polysiloxane emulsified in an aqueous medium. 

25 9. The method for the preparation of a powder consisting of silicone resin-coated silicone rubber partldes 
as dalmed in claim 4 in which the amount of the particles of a cured silicone rubber is in the range from 
1 to 60 parts by weight per 100 parts by weight of the aqueous dispereion containing the same. 

10. The method for the preparation of a powder consisting of silicone resin-coated silicone rubber particles 
30 as dalmed in daim 4 in which the temperature at which the mixture is agitated Is In the range from 5 to 

20 °C. 

11. A matrix material when comprising a powder as claimed in any one of daims 1 to 3 or when prepared by 
a method as claimed in any one of claims 4 to 10. 

35 
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